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© Polymeric materials made from destructurteed starch and at least one synthetic thermoplastic polymeric material. 

@ A blended polymeric material as obtained from a melt 
comprising a water-containing destructurized starch and at 
least one essentially water-insoluble synthetic thermoplastic 
polymer. 
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Description 

Polymeric mat rials made from destructurized starch and at I astonesynth tic thermoplastic polymeric 

material 

The present invention refers to polymeric materials made from destructurized starch and one or more 
5 synthetic thermoplastic polymeric materials. srarcn ana one or more 

water ^^1^?' "T* ,0Und Vege,ab,e broducts wnich a defined amount of 

a ; Tho „™«,« !t I 6Vat « d tem f!. ratUre and in a c,osed vessel - thereb y at elev ated pressure, to form 
th^l fhlh conveniently carried out in an injection molding machine or extruder The starch is fed 

w to Durinn J2?"2S > T^ 9, T'e™^ sc «w. The feed materiai moves along the screw towards he 
th P k 8SS ; ' tS te t mperatu u re is leased by means of external heaters around the outside of the 
S of the screw. Starting in the feed zone and continuing in the compress on 

zone, the particulate feed becomes gradually molten. It is then conveyed through the metering zone where 

fuZfbvtote c «on IT ° Ca T t0 6nd ° f the SCreW - The molte " ™ te » al at the ^ can S 'treated 
*5 shaded ariS 9 W 0ther k " OWn te ° hniqUe to treat thermoplastic melts, to obtain 

N^JoZTTl Wh ' Ch ' S de f r ' bed ,n the European Patent Application No. 84 300 940.8 (Publication 
t y ' dS a " essen i ,a ' lv destructurized starch. The reason for this being that the starch is hea ed 
^ Q f 8 tranSit,0n 30(1 the mS an3 tem P eratu res of its components so that they undergo endotKc 
EE^Et COnSeqUen< ? f, T in9 and disorderi "9 °' the molecular structure of the starch granges 
takes place, so that an essenhaHy destructurized starch is obtained. The expression "destructurized starch- 
defines starch obtained by such thermoplastic melt formation 

The obtained destructurized starch is a new and useful material for many applications An im D ortant 
fhTh? ' S b,oda 9 radabi,i *; ^ ^r. however, destructurized starch takes up w^er fromK 
SESfr f '" 9 ? m .r ,StUre COntent ,n consa q«ence a shaped article made from such destructurized 
I* T 5 a . b " lty qUiCk ' y ' Wh '° h ,s an ,mportant disadvantage for many applications. It was 

s^o^ 

Thermoplastic materials must normally be processed in the absence of water or volatile materials. Starch 
does not melt in the absence of water but decomposes at elevated temperature. i.e. around 240° C. It was 
therefore assumed that starch could not be used as a thermoplastic component together with hydrophobic 
water-insoluble polymeric materials such as water insoluble polymeric aminoacids. not only due to the 
mentioned tactors and because starch forms a melt only in the presence of water as described above, but 
generally due to its chemical structure and its hydrophilic nature. 

It has now been found that starch, containing a defined amount of water, when heated In a closed vessel as 
described above to form a melt of destructurized starch, exhibits the same flow characteristics as melts made 
from thermoplastic synthetic materials with comparable viscosity values and that melts made from 
water-containing destructurized starches are compatible in their processing with melts formed by essentially 
water insoluble anhydrous thermoplastic synthetic polymers. In this sense the two types or molten materials 
show an interesting combination of their properties, especially after the melt has solidified. 
40 v,, T v er y 'mportant aspect Is the surprisingly improved dimensional stability of such deatructurized starch 
blended with such a thermoplastic synthetic material. For example, by blending destructurized starch with only 
1 % by weight of a thermoplastic synthetic polymer as described later on. a shrinkage of less than 4 o/o is 
observed after two days, for the narrow long rod just mentioned above. 

The present invention refers to blended polymeric materials as obtained from a melt comprising a 
water-containing destructurized starch and at least one essentially water insoluble synthetic thermoplastic 
polymer. 
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The present invention refers to said blended polymeric materials In the molten or in the solid form. 
The present invention further refers to shaped articles made from said blended polymeric material. 
The present Invention further refers to a method of producing said blended polymeric materials in the 
50 molten or solid form as well as a method of producing shaped articles from said polymeric materials. 

specifically the present invention also refers to a method of producing polymeric materials comprising a 
modified destructurized starch and an essentially water insoluble synthetic thermoplastic polymer by heating 
starches having a water content of 5 to 30 o/ 0 by weight based on the starch/water component in a closed 
volume to elevated temperatures thereby at elevated pressures for a time long enough to form a melt, 
55 characterized in that said starch/water material is mixed with at least one essentially water-insoluble synthetic 
thermoplastic polymer before or during melting formation. Preferably the synthetic thermoplastic polymer is 
added before meiting is initiated. 

The term "starch" as used herein includes chemically essentially non-modified starches as for example 
generally carbohydrates of natural, vegetable origin, composed mainly of amylose and/or amylopectin. They 
60 may be extracted from various plants, examples being potatoes, rice, tapioca, corn (maize) and cereals such 
as rye, oats, wheat. Preferred is starch made from potatoes, corn or rice. It further includes physically modified 
starches such as gelatinized or cooked starches, starches with a modified acid value (pH) t e.g. where acid has 
been added to lower their acid value to a range of about 3 to 6. Further included are starches, e.g. potato 
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starch, in which the divalent ions like Ca +2 or Mg + *-ions bridging the phosphate groups have been partially or 
completely eliminated from this bridging function, i.e. the phosphate bridges have partially or completely been 
broken down and optionally wherein the eliminated ions have been replaced again partially or wholly by the 
same or different mono- or polyvalent Ions. It further includes pre-extruded starches. 

It has recently been found, that starches with a water content within the range of about 5 to about 40% by s 
weight based on the weight of the composition undergo a "specific narrow endothermic transition" on heating 
to elevated temperatures and in a closed volume just prior to its endotherm change characteristic of oxidative 
and thermal degradation. The specific endothermic transition can be determined by differential Scanning 
calorimetric analysis (DSC) and is indicated on the DSC-diagram by a specific relatively narrow, peak just prior 
to the endotherm characteristic of oxidative and thermal degradation. The peak disappears as soon as the 10 
mentioned specific endothermic transition has been undergone. The term "starch" includes also treated 
starches wherein said specific endothermic transition has been undergone. 

Examples of water-insoluble thermoplastic materials are polyolefines, such as polyethylene (PE), 
polyisobutylenes, polypropylenes, vinylpolymers such as polyvinyl chloride) (PVC), polyvinyl acetates), 
polystyrenes; polyacrylonitrifes (PAN) ; polyvinylcarbazols (PVK) ; essentially water-insoluble poly(acrylic acid) 15 
esters or poly(methacrylic acid) esters; polyacetals (POM); polycondensates such as poiyamides (PA), 
thermoplastic polyesters, polycarbonates, poly(alkylenie Jerephthalates) ; poiyarylethers; thermoplastic 
polyimides; but also poiy(hydroxy butyrate) (PHB) and high molar-mass, essentially water-insolubie 
poly(aikylene oxides) such as polymers of ethylene oxide and propylene oxide as well as their copolymers are 
included. 20 

Further included are essentially water-insoluble thermoplastic copolymers of the different kinds known such 
as ethylene/vinyl acetate-cop oiymers (EVA); ethylene/vinyl alcohol-copolymers (EVAL); ethytene/acrylic 
acid-copolymers (EAA) ; ethylene/ethyl acrylate-copolymers (EEA); ethylene/methyl acrylate-copolymers 
(EMA); ABS -copolymers; styrene/acryionitrile-copolymers (SAN); as well as their mixtures. 

Preferred from these are those with a set processing temperature preferably within the range of 95° C to 25 
210°C, preferably within the range of 95°C to 190°C. 

Preferred from these are further those polymers containing polar groups such as ether-, acid or ester 
groups. Such polymers include e.g. copolymers of ethylene, propylene or Isobutylene such as ethylene/vinyl 
acetate-copolymers (EVA), ethylene/vinyl alcohol-copolymers, ethylene/acrylic acid-copolymers 
(EAA),ethylene/ethyl acrylate-copolymers (EEA), ethylene/methacrylate- copolymers (EMA), styrene/acry- 30 
lonitrile-copolymers (SAN); polyacetals (POM) and their mixtures as mentioned above. 

The ratio of the water containing destructurized starch to synthetic polymer can be 0.1:99.9 to 99.9:0.1. It Is 
however preferred that the destructurized starch contributes noticeably to the properties of the final material. 
Therefore, it is preferred that the destructurized starch is present in an amount of at least 50% and more 
preferably in the range of 70% to 99.5% by weight of the- entire composition, i.e. the synthetic polymer is 35 
present in a concentration of less than 50 0/0 and more preferably in a concentration in the range of 30 0/0 to 
0.5 0/0 by weight of the entire composition. 

A mixture of 0.5 to 15°/o by weight of the synthetic polymer and 99.5 to 85<>/o of the water containing 
destructurized starch shows already a significant improvement in the properties of the obtained materials. For 
certain applications a ratio of the synthetic polymer to the starch/water component of 0.5 - 5% to 99.5 - 95% is 40 
preferred and especially a ratio of 0.5 - 2% to 99.5 - 98% by weight. 
The synthetic polymer may contain the usual known additives for processing. 

The starch is preferably destructurized and granulated before it is mixed with, the synthetic polymer which is 
preferably granulated to an equal granular size as the destructurized starch. However, it is possible to process 
native starch or pre-extruded granulated or powdered starch together with powdered or granulated plastic 45 
material in any desired mixture or sequence. 

The essentially destructurized starch/water composition or granules have a preferred water content in the 
range of about 10 to 20% by weight of the starch/water component, preferably 12 to 19% and especially 1.4 to 
180/o by weight of the starch/water component. 

The water content herein refers to the weight of starcrj/water component within the total composition and 50 
not to the weight of the total composition which would include also the weight of the essentially 
water-insoluble synthetic thermoplastic polymer. It Is essential that the starch/water component has the 
indicated water content during melt formation. 

As an "essentially water-insoluble synthetic thermoplastic polymer" a polymer Is understood which 
preferably dissolves water at a rate of maximum 50/0 per 100 grams of the polymer at room temperature and 55 
preferably at a rate of maximum about 2% per 100 grams of the polymer at room temperature. 

In order to destructurize the starch, it is suitably heated in a screw barrel of an extruder for a time long 
enough to effect destructurization. The temperature is preferably within the range of 105°C to 190°G, 
preferably within the range of 130°C to 190°C depending on the type of starch used. For this destnjcturizing, 
the starch material Is heated preferably in a closed volume. A closed volume can be a closed vessel or the 60 
volume created by the sealing action of the unmolten feed material as happens in the screw of injection 
molding or extrusion equipment. In this sense the screw and barrel of an injection molding machine or an 
extruder is to be understood as being a closed vessel. Pressures created in a closed vessel correspond to the 
vapour pressure of water at the used temperature but of course pressure may be applied and/or generated as 
normally occurs in a screw and barrel. The preferred applied and/or generated pressures are in the range of 65 
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pressures which occur in extrusion and are known oer se ie frnm^prn+ri ^n^^sM/ ? x ■ ■ . 

zero to 150 x 10* N/m* preferably from lero to 75 x l8 ?°? Z^t T d k " 0Wn per Se ' ^ from 

When forming a shaped article by^^star d ^P"£^^w»toeOx10"N/ini. 
according to this inventton is e g ieSbn m^HT T 35 mentioned above. If the melt 

■■1 

oreferabivfo f Z^l^tZ ""^ ^J** the 0Xides of ™W»slum. aluminum, silicon titanium, ate. 

to«g y nt ttESSSZ** of lbout 0 02 to 3 * by Weight preferab,y °- 02 to 1 0/0 based « < ba 

Further examples of additives are plasticizers which include low molecular polyfalkylene oxides) such as 

«^Wi p 2ES , £! s,y - co,s) - poly q^>:CK22« £ 

2^^5I^.!^^ 8 ^TOJ^T 01 monoaceta t a - dlacetate or triacetate; propylene glycol, sorbitol 
15 0 « f S - W n c ? 0 L trate • tributyl citrate - etc - added * concentrattons ranging from as to 

Examnilt •JlESSf^ 0 "! , °w 5 2* baSed ° n the t0tal we| 9 ht of al1 * he components, 
of SSS^^S^T!!!!^ kn r n f° dyeSl 0r 9 an,c or '""^ w™**. or colouring agents 
Srlf^^SSta^SS^ Pfe e ^ d " SU ° h M the OXides of iron or titan,um: 1,1686 oxides known 

Z£ oi ■ K SHJZE T n9,n9 from °- 001 10 10 0/0 - preferably °- 5 to 3 0/o - based « the total 

™ e s " m °f the P ,as i' c 'f / er t and J water contents should preferably not exceed 25<Vo. and should most 
P IZrl ,^° ee H d ^ b3Sed °V he total we '9 ht of a » the components. 

arSS^tS^Z^SSt ^"? P k U w" dS t0 ' mproVe the flow Properties of the starch material such as animal 
^ ITlt f£l *2 V »f hydro 9 8nated especially those which are solid at room temperature, 
aid S aK 3 9 P ° * 5 °° C ° r h ' 9her - Pr6ferred are W^ 06 "'^ 8 of c « Ci4 -. Cis -. 
These fats can be added alone without adding extenders or plasticizers. 

ff? t^V £ T" 0 ' ^ d ' 3lycendes m Preferably derived from the types of fats described above 
i.e. from Cia -, Cu -, Cie -, and Cia - fatty acids 

mJ«n t nI a, of n l^?,t S nT d °o!l- ^ mo u no -- d '9"yceride S and/or lecithins are up to 5 0/0 and preferably within 

Th» r 9 . f 2 1 k 2 3 /0 - by u W6i9ht ° f the des tructurized starch components. 
cn^mTni I* de t sc , ribed h f re,n above form thermoplastic melts on heating and in a closed vessel, i.e. under 
thpr^n? « ♦ • f d wa,er ; content and P^ssure. Such melts can be processed just like conventional 
S a f T te - lal f US ' n9> forsxam P |e . 'lection molding, blow molding extrusion and coextrusion rod 

films oacSlT m S ll C r PreSSi °'! ( m °, ldin9, t0 Pr ° duce known articles - ™* articlas inc ' ude b ottles, sheets 
f.lms, packagmg matenals. p,pes, rods, laminated films, sacks, bags, pharmaceutical capsules, granules o 
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powders. 

Such modified starches may be used a«= r. i 
active Ingredients such as pharmaceuticals ZTorTr?^!* f ° F a ' C,,Ve subs *ance S , and may be mixed with 
. pest.c.des for subsequent release application^ th a9r '? ultUra " y act 've compounds such as i inseSTnr 
granulated or worked to tine powders ^ " theSa '"Sredlents. The resulting extruded maS c an be 

The fol.ow.ng exampies further explain the invention. 
Example 1 

%223^ Star ° h 9 ranu ' a tes. 

titanLm a dioxidL 0 wl% C m^ 

composition consisting of 80.6 parts of^r f^L J ropo ? ,ons in a P°wder mixer for 10 m nu e ■ so *2 f 

175 CJhs .varans total reaMera* tim« was 12 <~r**n "Him th. bated m , measured t?^ 
molten ate,.) and lta Dresst „ siT^^J" 10 minutes ha.Bog ,1m.. ^SS-J 

men conditioned to a water content of 170/0. 
(b) Preparation of destructurized starrh «ro«. 1 

600 g of native potato sta£ we^ us S^ ,^* w » shBd P°' a *o starch, 
suspension was filtered and the starch wasted on , h2«? T ° f ° 2M HCI and *"™d for 10 minutes Th B 
starch was again suspended in 500 cm^2M HCI s !K 1 ? 'J™ 6 ? W ' th 200 Cm3 portions of 0 2M hc," Se 
with 200 cm* portions of 0.2M HCI. ' St ' rred a9a,n for 10 min "t^, filtered, washed three , imes 

After the treatment with HCI. the excess «f vU 
(deionized) water in the following way: the starch wlT TT* by Wasnin9 on a with demineralized 
and then suspended In 500 Cm 3 of de onLSerS 6 ,-* 6 with 200 cr " 3 P° rt «ons of deioS wate^ 
excess acid) was repeated twice to get th^ta^fr^^S 9 P rocedure with deionized water ( c remove 
washing water. When there was no more silver r^ ^ Ha Th ' S Was cont ™«ed by adding silver ni rate to thP 
completed. The washed starch was pressed on iSS?* precf P itati "g the washing water the wash ino w»! 
it equilibrated at about 17. 0 o/ 0 H a O 0 " the f,,tera "d dried in a conditioning room (25« C 4Wo RH) u^ 

Analyses have been carried out before and aftprth^ „ - 
results obtained showed that the OH^^SSS^^ ^^^^^^ 

a a lne P nos Pnate groups were essentially removed 
(o)lnjection molding of a mixture of destructurized ^ , 

The granulates as obtained under Mmd»^ f h and s y n{netic Polymer. 
£' ,C P°^ erinft ^ a 'ght ratios assp^cified Un , der <°> were mixed with a 

KTb^ 15 — da -- 



to 



75 



35 



d) Testing and testing conditions 

The tno+ 



1000/0 ^"S^SS^ «f [^t in which a high relative humidity (near 

matenaJ 3 test pieces were used to obtSn a^oefitf lds ° ,u , tlon at room ^mperature. For each blends 

The test pieces obtained from the mold ?T » 9 f relat ' ng to dimen sional stability, 
optimal length which can be measured on T^KON 1^* ° f ab ° Ut 8? - 90 "»»'. *** Cose to the 

After cutting the length, the sam D | e 7«»?A-! ,» profile pro ector V12 - 
V Thrs'amp^e 8 £ ^^^Sf eqU ' ,ibrated to U °"> H *° <« on the NIKON 
temperature. ReferenceTamples'^ o^unblended L^^i and . 8Xp J 0Sed to a hi9h re,ative humidity at room 
° n 6aCh ° f *" 3 P taca ^ r^ cond «'ons. The dTmensfons 

. The lengths measured are given in Table 1 a after 1 - 2 and 3 days. 

In width, slight expansions of up to 40/0 with io/ n ^i,', m « • 
generally observed. P 1 /o po| y mer c °ntent and less than 4°/o with 5o/ 0 polymer, were 

unde^neS'edcondSio 0btained ^cording to this Example for storing three days * 

Figure 1 shows comparative test result f 
polyethylene and 5% of polyethylene when Tstorerithri'' 8 ^ 611 StarCh ' b,ended s,arch containing 1% of 
*g"re 2 shows comparative test resJtTl T **** acco ™ n 9 to Example 1 (d). 

test results for untreated starch, blended starch containing W, of 
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polyacetal and 50/0 of polyacetal when stored three days according to Example 1 (d). 

Figure 3 shows comparative test results for untreated starch, blended starch containing 1 Vo of EAA 
(ethylene/acrylic acid-copolymer) and 5% of EAA (ethylene/acrylic acid-copolymer) when stored three 
days according to Example 1 (d). 

Figure 4 shows comparative test results for untreated starch, blended starch containing W 0 of EVA 
{ethyiene/vinyl acetate-copolymer) and 50/ 0 of EVA (ethylene/vinyl acetate-copolymer) when stored three 
days according to Example 1 (d). 



TABLE 1 



No. 


polymer added 


o/o by weight of 


dimensional deformation, change in o/o after. 






polymer added 












1 day 


2 days 


3 days 


1. 


none, comparative example 




DU. 1 


- 04 


2. 


polyethylene 


0.5 


- 15 


--3G-- 


- 25 


3. 


n 


1.0 


- 13 


- 14 


- 17 


4. 


0 


5.0 


+ 1.3 


+ 0.2 


- 1.8 


5. 


polystyrene 


1.0 


+ 1.05 


-0.5 


-6.7 ' 


6. 




5.0 


+ 0.45 


-0.3 


- 0.8 


7. 


polyacetal 


0.1 


± 1 


-4.0 


- 10 


8. 


» 


1.0 


+ 1.5 


+ 0.4 


-6.2 


9. 


n 


5.0 


+ 0.7 


+ 0.1 


- 0.6 


10. 


m 


10.0 


± 0.1 


± 0.1 


± 0.1 


11, 


n 


20.0 


± 0.1 


± 0.1 


± 0.1 


12. 


EAA* 


0.5 


- 0.2 


-7.0 


- 18.0 


13. 




1.0 


+ 0.07 


- 4.0 


- 11.0 


14. 


n 


5.0 


+ 0.6 


- 1.4 


- 5.0 


15. 


n 


10.0 


+ 0.1 


-0.1 


• 0.4 


16. 


EVA** 


0.5 


- 0.5 


- 5.0 


- 17.1 


17. 


n 


1.0 


+ 0.3 


- 0.5 


-7.0 


18. 


n 


5.0 


+ 0.2 


- 1.2 


-4.8 


19. 




20.0 


- 0.1 


- 0.1 


- 2.0 



* EAA « ethylene/acrylic acid-copolymer (90/0 acrylic acid comonomer) 
# * EVA = ethylene/vinyl acetate-copolymer (1Qo/o vinyl acetate comonomer) 



Example 2 

The granulates obtained according to Example 1(a) and the granules obtained according to Example 1(b) 
where each mixed with polyethylene, polystyrene, polyacetal, ethylene/acryllc/acid-copoiymers (9<Vb acrylic 
acid-comonomer) and ethylene/vinyl acetate-copolymer (100/o vinyl acetate-comonomer) each time in ratio of 
250/0. 50o/o f 750/0 and 900/o by weight of polymer added. Dimensional changes were nominal after exposure to 
humid air according to Example 1(d). 



Claims 

1. A blended polymeric material as obtained from a melt comprising a water-containing destructurized 
starch and at least one essentially water-insoluble synthetic thermoplastic polymer. 

2. A polymeric material according to claim 1 t wherein the thermoplastic polymer is selected from the 
group consisting of polyolefines, vlnylpolymers, polyacetals (POM); pofycondensates, thermoplastic, 
polyesters, polycarbonates, poly(alkylene therephthaJates) ; polyarylethers; thermoplastic polymides; 
polyhydroxybutyrate (PHB) and high molecular weight essentially water-insoluble polyalkylene oxides or 
copolymers thereof. 

3. A polymeric material according to claim 2, wherein the thermoplastic polymer is selected from the 
group consisting of polyethylene (PE), polyisobutylenes, polypropylenes, polyvinyl chloride) (PVC), 
polyvinyl acetates), polystyrenes, polyacryionitriles (PAN), polyvinylcarbazois (PVK), polyamides (PA), 
essentially water-insoluble poly(acrylic acid esters) and essentially water-insoluble poly(methacrylic acid 
esters) . as well as their copolymers and their mixtures. 

4. A polymeric material according to claim 2, wherein the thermoplastic polymer is selected from the 
group consisting of ethylehe/vlnyl acetate-copolymers (EVA), ethylene/vinyl alcohol-copolymers (EVAL), 
ethylene/acrylic acid-copolymers (EAA), ethylene/ethyl acrylate-copolymers (EEA), ethylene/methyl 
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tSmfxt C u°res lymerS (EMA) ' ABS " copo| y mers - styrene/acrylonitrile-copolymera (SAN), polyacetals and 

5. A polymeric material according to anyone of the claims 1 to 4. wherein the ratio of the 
water-contalnlng.destructunzed starch to synthetic polymer is 0.1 :99.9 to 99.9:0.1 , preferably wherein the 

^ u'. n9 ,f i S PfeSent 30 amount of at least 500/0 and more Preferably in the range of 70 to s 
990/0 by weight of the entire composition. M * 

6. A polymeric material according to anyone of the claims 1 to 4, wherein the ratio of the synthetic 

^£&jsz^£gr* 15 °- 5 - 50/o to "• 5 - 950/o by wei9ht and preferai from 

^L^S^f* ♦T1i terial aCC °^ in 5 t0 anyone cf the claims 1 to 6 - wherein said starch is selected from 10 
chemically essentially non-modified starch being carbohydrates of natural, vegetable origin composed 
mainly of amylose and/or amylopectln, preferably potatoes, rice, tapioca, corn, rfe, oats, wheat; phyEy 
modified starch; starch wrth a modified acid value ( P H); starch, in which the divalent ions bridging 2 
phosphate groups have been eliminated from this bridging function and optionally wherein the eliminated 

8. A polymeric material according to anyone of the claims 1 to 7, wherein said starch mixed with at least 
one synthetic polymer was heated for destructurization In a closed volume for a time long enough to 
ff„ ZSZSf^SS. n° * tem P erature within the range of about 105«C to 190' C, preferably within the 

rally 8 OT 1«jU w TO 19U G« 

9. A polymeric material according to anyone of the claims 1 to 8, wherein for destructurization pressure *° 
was applied in the range of from zero to 150 x 10* N/m2, preferably from zero to 75 x 10* N/m* and 
particularly from zero to 50 x 10 5 N/m 2 . 

10 A Po'ymeric material according to anyone of the ciaims 1 to 9. wherein the starch has a water content 

in the range of about 10 to 2QO/o by weight of the starch/water component, preferably 120/o to 19o/ 0 and 25 
especially 140/o to 18o/o by weight, calculated to the weight of the starch/water component. 

11 A polymenc material according to anyone of the claims 1 to 10, wherein the starch/synthetic polymer 
mixture contains extenders, fillers, lubricants, plasticizers and/or coloring agents 

12. A polymeric material according to claim 11, characterized in that there is added at least one extender 

or a mixture or extenders within the range of up to 5Qo/o, preferably within the range of 30/0 to 1 00/0, based 30 
on the weight of all components. 

13. A polymeric material according to claims 11 or 12, characterized in that there is added at least one 
organic filler or a mixture of such fillers in a concentration of about 0.02 to 30/ 0( preferably 0.02 to 1o/ 0 bv 
weight of all components. 17 

1 4. A polymeric material according to anyone of the claims 1 1 to 13, wherein there is added a plasticizer 35 
within the range of about 0.5 to 150/o, preferably 0.5 to 50/0 by weight of all components. 

15. A polymeric material according to anyone of the ciaims 11 to 14, wherein a coloring agent is added in 
a concentration of about 0.001 to 10o/ 0 , preferably 0.5 to 3<Vb by weight of all components. 

16. A polymeric material according to anyone of the claims 11 to 15, wherein a plasticizer is added and 

the sum of the plasticizer and water contents does not exceed 250/o, and preferably does not exceed 20o/ 0 40 
by weight of all components. 

17. A polymeric material according to anyone of the claims 1 to 16, wherein the blended starch contains 
at least one active ingredient selected from pharmaceuticals and/or agriculturally active compounds. 

1 8. The polymeric material in the form of a melt obtained according to anyone of the claims 1 to 1 7. 

19. The solidified destructurized blended starch obtained by cooling the material obtained according to 45 
claim 18. 

20. A method of producing a polymeric material as claimed in anyone of the claims 1 to 18 comprising a 
^modified destructurized starch and an essentially water-insoluble synthetic thermoplastic polymer by 
heating a starch having a water content of 5 to 30<Vo by weight based on the starch/water component in a 
closed volume to elevated temperatures thereby at elevated pressures for a time long enough to form a 50 
melt, characterized In that said starch/water material is mixed with at least one essentially water-insoluble 
synthetic thermoplastic polymer before or during melting formation. 

21. The use of modified starch/synthetic polymer mixture compositions obtained as claimed in anyone of 
the claims 1 to 19 as carrier material for active ingredients, preferably as carrier materials for 
pharmaceuticals, and/or agriculturally active substances. 55 

22. The process of shaping a destructurized starch/synthetic polymer mixture composition as obtained 
according to anyone of the claims 1 to 18, under controlled water content and pressure conditions as a 
thermoplastic melt wherein said shaping process is at least one member selected from the class 
consisting of injection molding, blow molding, extrusion and coextrusion, compression molding or 
vacuum forming. " 60 

23. Shaped articles produced from a composition as claimed in anyone of the ciaims 1 to 1 8. 

24. The articles of claim 23, wherein said articles have been shaped as bottles, sheets, films, packaging 
materials, pipes, rods, laminates, sacks, bags or pharmaceutical capsules, granules or powders. 
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Comparative Testing, unblended starch versus starch blended with: 
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Comparative Testing, unblended starch versus starch blended with: 
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Comparative Testing, unblended starch versus starch blended with: 




unblended or blended;- 
untreated 



Fig. 3.2 

unblended, 
treated according to 
Table 1, Ho. 1 after 
3 days 




Fig. 3.3 

blended, 1% with 
ethylene acrylic 

acidcopolymer, treated 
according to Table 1, 
Ho. 13, after 3 days 



Fig. 3.4 

blended, 5% with 
ethylene acrylic 
acidcopolymeo treated 
according to Table 1, 
Ho. 14, after 3 days 
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Comparative Testing, unblended starch versus starch blended with: 




Fig. 4.1 

unblended or blended, 
untreated 



Fig. L2 
unblended, 
treated according to 
Table 1, No J after 
3 days 




Fig. U 

blended, 17. with 
ethylene vinyl 
acetatecapotymer, 
treated according 
to Table 1, No. 17, 
after 3 days 




Fig, U 

blended, 57. with 
ethylene vinyl acetate- 
copolymer, treated 
according to Table 1, 
No. 18, after 3 days 



